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Abstract
The Danube region is an area of Europe that has wide variations in terms of economic development levels and integration. There 
is a common belief that raising economic performance levels across these countries will deliver welfare gains and promote 
cooperation across borders. As part of the European Union Strategy for the Danube Region (EUSDR), a range of actions and 
projects have been formulated to stimulate the development of inland waterway transport, ranging from waterway infrastructure
projects to port & terminal development and from educational programs to promotional initiatives. The set of measures aims to 
develop a more attractive and more efficient inland transport system, resulting in more effective and extended use of the Danube 
as a transport corridor. This development should contribute to employment growth in the IWT sector itself, in the sectors associated 
to IWT (e.g. ports and terminals) and in the sectors using IWT as a transport mode. To assess the possible effects of the actions 
and projects defined in the EUSDR, the European Commission commissioned a study, with the aim to estimate the employments 
levels that would be achieved if transport volumes on the Danube would increase by 20% in 2020 compared to 2010.
© 2016The Authors. Published by Elsevier B.V..
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM).
Keywords: Inland waterway transport; employment impacts; Danube; EUSDR; forecast; transport modelling
* Corresponding author. Tel.: +31-10-453-8848; fax: +31-10-453-0768.
E-mail address: linette.deswart@ecorys.com
 2016 he Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommon .org/l censes/by-nc-nd/4.0/).
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM)
164   Linette de Swart et al. /  Transportation Research Procedia  14 ( 2016 )  163 – 172 
1. Introduction
The Danube region consists of ten riparian countries, i.e. Germany, Austria, Slovakia, Hungary, Croatia, Serbia, 
Bulgaria, Romania, Moldova and the Ukraine. The river has a length of over 2,800 kilometres, with Romania having 
the longest stretch within its territories (1,075 km), and Moldova the shortest section, less than 1 km. Seven out of the 
ten riparian countries are EU Member States, while all of ten are united in the Danube Commission. The Danube itself 
is one of largest rivers in Europe, besides the Rhine, Elbe and Maas River.
The Danube region is of great economic importance to Europe. A total of 115 million people live in the Danube 
catchment area1 and more than € 1300 billion GDP (2011) is generated in these countries (excluding Germany). The 
capital cities of Vienna, Bratislava, Budapest, Belgrade, Sofia and Bucharest form a strong axis of economic
development within the region. This axis is referred to as the ‘Danube Belt’ (OIR 2000). Through the accession of 
Danube countries Hungary and Slovakia in 2004, and Bulgaria and Romania in 2007, the economic well-being of the 
Danube countries has become of direct importance to other EU countries, opening up new markets and economic 
opportunities in these countries. Other European countries have discovered the increased opportunities in the 
interchange of labour, goods and foreign direct investments in the EU Danube countries (Van den Bossche et. al. 
2013).
Although the Danube region offers many opportunities it is still an area of Europe that has wide variations in terms 
of economic development levels and integration. There is a common belief that raising economic performance levels 
across these countries will deliver welfare gains and promote cooperation across borders. In order to improve the 
economic performance, the European Union Strategy for the Danube Region (EUSDR) was adopted by the European 
Commission in 2010 and the European Council in 2011. This strategy is organised in four pillars and eleven priority 
areas (see figure 1). One of these priority areas is focusing on the development of the transport system, including 
inland waterway transport (priority 1A).
Fig. 1. The four pillars and eleven priority areas of the European Union Strategy for the Danube Region2.
To stimulate the development of inland waterway transport in the Danube area, the following thematic fields have 
been identified for which concrete projects have been formulated (European Commission 2010):
1 This catchment area consists of Austria, Bosnia and Herzegovina, Bulgaria, Croatia, the Czech Republic, Germany, Hungary, Moldova, 
Romania, Serbia, Montenegro, Slovakia, Slovenia and Ukraine.
2 Source: http://www.danube-region.eu/
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1. Infrastructural improvements;
2. Improving the fleet;
3. Modernizing existing and creating new multimodal ports focused on sustainable freight;
4. Introducing a comprehensive waterway management system;
5. Introduce river information systems;
6. Provide necessary education and stimulate job creation;
7. Ensure better coordination of national transport and IWT projects.
The set of measures aims to develop a more attractive and more efficient inland transport system, resulting in more 
effective and extended use of the Danube as a transport corridor. In addition this development should contribute to 
employment growth in the region: in the IWT sector itself, in the sectors associated to IWT (e.g. ports and terminals) 
and in the sectors using IWT as transport mode.
To assess the possible effects of the actions and projects defined under the EUSDR on employment in the Danube 
region, the European Commission commissioned a study, with the aim to estimate the employment levels that would 
be achieved if transport volumes on the Danube would increase by 20% in 2020 compared to 2010. This study was 
carried out by a consortium consisting of Ecorys (lead partner), Planco and WIFO. In this paper the methodological 
approach will be elaborated and the study findings presented and discussed (Ecorys, Planco and WIFO 2014).
2. Ways of achieving a 20% IW transport growth
2.1. Setting the aim – What is 20%?
The first step of the analysis was to define what the actual target in tons of transported goods actually means. In 
order to do this the volume of cargo transported by IWT in 2010, measured in tons, needed to be set. Several sources 
are reporting on volumes transported, however the ways to calculate numbers varies. For example the figures of the 
Danube Commission are presented on a country-by-country level, which means that adding up results in double 
counting as cargoes may pass more than one country. Figures presented by via donau are taking account of this and, 
after correcting such factors, estimate total volumes transported in 2010 at 43.6 million tons. After discussion with the 
Danube Commission, via donau and Danube experts it was decided that the latter figure was to be taken as the starting 
point of the analysis.
This total volume of 43.6 million tons includes 11.6 million tons of domestic transport, 27 million tons of cross-
border transport and 4.9 million tons of maritime transport on the Danube (viadonau 2011). Furthermore a distinction 
between import and export flows can be made. A picture of the volumes transported through each Danube country is 
presented in the figure below.
Fig. 2. Volumes of IW transport by country section (million tons, 2010).
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As the figure shows the largest share of all tons transported is connected to Romania, followed by Serbia, Austria 
and Hungary. The figures for Romania include maritime transport on the Danube as part of the Danube River within 
this country, as in Ukraine, is navigable by maritime vessels and has sea ports located along the river.
Recent historical figures show that volumes transported for most Danube countries have decreased. Slight increases 
in the total volumes transported by IWT are seen in Slovakia, Hungary and to a far lesser extent Moldova. Vis-à-vis 
the ambitions of the EUSDR, this decline is worrying as it brings the 2020 growth ambition further away. Between 
2010 and 2011 the volume dropped by 6 million tons to 37.6 million tons compared to 43.6 million in 2010. This 
strong decline was partly due to the fact that some larger shippers (e.g. large steel plants) in that year decided to close 
down their activities along the Danube River and relocate to countries outside the EU.
Irrespective the recent decline, taking the 2010 volume as a reference, a 20% increase means that in 2020 some 
52.3 million tons would need to be transported via the Danube. Even though the volumes have recently declined, this 
target seems reasonable in view of economic forecasts available. For instance in forecasts made in 2011 (TNO et al. 
2011), using 2007 as a base year, it was predicted that Danube transport would in 2020 have increased by 29% to 
levels higher than the target set for this analysis.
2.2. Possibilities to reach the aim – autonomous scenario
The second research step was to define how the aim, i.e. increasing the volumes on the Danube to 52.3 million tons 
in 2020, can be achieved. An important factor influencing the demand for (waterway) transport is the economic 
development in the region concerned. In other words the predicted GDP increase between 2010 and 2020 will be a 
major driver for transport growth. The IWT sector can be qualified as a service sector supporting other sectors and 
therefore it depends on production (manufacturing) sectors that need to distribute their products to what extent growth 
of demand will be generated. If the economic climate is favourable these production sectors are likely to produce more 
and as a result their demand for transport services will increase. This trend is qualified as the autonomous growth, 
which is the first scenario used in the analysis.
In order to analyse what transport growth will be reached as a result of autonomous growth alone, the TransTools 
model was used (see box 1). In this model different GDP scenarios were included, using different GDP growth rates 
for the different countries, taking account of the different economic situation in each of the countries. For each of the 
countries individually the most likely GDP rate was predicted by JRC using forecasts of the different national 
statistical bureaus. Countries with the highest expected growth are Bosnia, Serbia and Moldova. Countries with the 
lowest growth expectations are Germany, Austria and Hungary. The JRC forecasts were taken as inputs for the 
TransTools model.
TRANSTOOLS
TransTools is a European transport network model that was developed by international researchers and funded by 
the European Commission’s JRC-IPTS and DG MOVE. The model is an open-software program which is able to 
predict forecasts of both freight and passenger transport volumes. The model is mainly used to simulate the impacts 
of changes in the (TEN-T) transport networks, developments in infrastructure and strategic and political behaviour 
(e.g. changes in taxation, fiscal policies and regulatory scenarios).
The model uses origin-destination (O-D) pair data on a NUTS 3 level and assigns these to infrastructure networks 
(waterways, roads, railways etc.). If for example a new road would be built, the model can be used to simulate how 
the routing and volumes of traffic flows of all involved O-D pairs would change. TransTools output is available for 
2005 and 2030. For the latter, the model takes account of differentiated forecasts of economic growth by region 
(Hansen 2011).
Box 1. Model description of TransTools.
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Updated GDP forecasts were introduced in the TransTools model scenarios used for this study, as to assure that 
the autonomous growth scenario is as much in line with the current predictions as possible. Typically, growth forecasts 
are higher for countries more downstream of the river, and highest for non-EU countries, as figure 3 below shows. 
This may be explained by the fact that the current economies of these countries are least developed and convergence 
will take place over time.
Fig. 3. Annual GDP growth rates 2010-2020 in the autonomous growth scenario (JRC 2013).
The present IWT matrices in the model, covering all European regions were converted to IWT specific matrices 
for the Danube. Hence all non-Danube related O-D pairs were removed from the simulation model and only pairs with 
either origin or destination within the Danube region, or both, were taken into account.
Subsequently, the transport impacts of this autonomous growth scenario were calculated through running the 
TransTools model, giving an average annual growth of the IW transport volume of 2.0%. This translates to 
a cumulative growth between 2010-2020 of 21.9%, or a transported volume in 2020 of 53.2 million tons. Thus, if 
autonomous growth forecasts were to be realised, the target of 20% IWT growth as set by the Commission would 
likely be reached.
It is noted that in these figures, the volumes for Moldova and Ukraine are not accounted for, as these countries are 
not included in the TransTools model. Secondly, German Danube transport is partly excluded as German IWT mainly 
consists of Rhine transport and separate Danube specific figures were not available.
2.3. Possibilities to achieve 20% growth – IWT projects
Although the 20% growth aim set by the Commission can thus be achieved under the assumed economic growth 
scenario without taking further action, such result is not guaranteed and economic growth may fluctuate. Hence as 
explained the Commission has set up an action plan under the EUSDR, in which one of the pillars specifically focuses 
on further improving IWT on the Danube. At the time of the study a total of around 100 projects were defined under 
the 7 areas mentioned above.
For each of these 100 projects it was estimated whether or not a direct impact of the project on IW transport was 
to be expected and if it was likely that such impact would be visible before 2020 (i.e. if the project would be realised 
and therefore could generate effects). Out of this list of 100 projects around 30 projects were considered to (1) have a 
direct impact on IWT transport and (2) be implemented before 2020. The exact effects of each project differ and 
therefore a project by project assessment was carried out to estimate the likely impact on Danube transportation. In 
this assessment two groups of effects were distinguished:
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1. Projects that lead to a reduction of ton-kilometre costs in IWT. Hence the costs for using IWT drop and as 
a result IWT becomes more attractive compared to other modalities, like road and rail. Projects in this group can affect 
water levels positively and can reduce waiting times (e.g. at locks or in ports).
2. Projects that improve the reliability of IWT, which might lead to attracting new cargo to the sector. An 
example could be water level forecasts. Water level limitations require ships to keep a margin of depth and load less 
than maximum cargo volumes when water levels are restricted. The more reliable such forecasts are provided, the 
smaller the margin a ship needs to take into account, leading to lower costs per ton transported.
Not all projects will benefit all O-D pairs; some projects only have local effects or effects on a particular section 
of the Danube. The analysis again was done on a project by project basis, assigning impacts to selected O/D pairs as 
appropriate. The cost savings per ton of cargo per O/D pair were calculated for each project, and aggregated for the 
full package of 30 projects, resulting in a matrix of cost savings per ton per O/D pair across the full Danube corridor. 
This matrix was then used as input to for calculating the transportation impacts using the TransTools model. This 
scenario was called ‘Autonomous + project effects’.
The model results showed an increase of average annual growth rate from 2% in the autonomous (GDP growth 
only) scenario to 2.1% in the ‘Autonomous + project effects’ scenario, resulting in an overall increase between 2010 
and 2020 of 22.6% and arriving at a transported volume of 53.5 million in 2020. Clearly the contribution of the IWT 
improvement projects is significant, but much smaller than the growth path achieved through regional economic 
growth.
2.4. Additional measure – proper waterway maintenance
During the project stakeholders indicated (during interviews and during a workshop held as part of the study) that 
one of the main concerns relate to the current maintenance levels. Although agreements between the different Danube 
countries have been concluded in which they agree to maintain their part of the river and guarantee a minimum depth 
of 2.5 metres, in reality these appear to not be in place, at least not throughout the full year and not on all sections. If 
this were to be achieved, through additional maintenance programs, the reliability of the waterway would be further 
improved, thus resulting in a reduction of transportation costs. The TransTools model was again used to calculate the 
impacts of such a measure, resulting in an average annual growth of 2.3%, accumulating to 25% over the entire period 
(2010-2020) and arriving at a total transported volume of 54.5 million in 2020.
The results of the three scenarios are summarised in the table below.
                 Table 1. Growth ratios of IWT on the Danube (all scenarios).
Autonomous Autonomous + 
projects
Autonomous + 
projects + proper 
maintenance
Average annual growth 2.0% 2.1% 2.3%
Total increase 2010-2020 21.9% 22.6% 25.0%
Danube IWT volume 2020 53.20 53.51 54.54
3. Employment impacts resulting from 20% IW transport growth
3.1. Assessing the employment effects
Growth of transport volumes however is not the main purpose of the EUSDR, which rather aims at promoting 
further economic growth and the creation of jobs. Hence, the results of the transport analysis presented above were 
used to assess what this increase in transport volume would mean in terms of employment in the region. Four areas of 
employment effects are identified:
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1. In the IWT sector itself might increase: due to the higher volumes more ships are active in navigation 
requiring personnel;
2. In ports and in the transport services sector: examples relate to servicing ships, loading/unloading of cargo, 
maintenance and repair of ships and other additional services;
3. In industries using IWT as transport mode: growth in this sector is based on the assumption that when IWT 
becomes more attractive these industries might expand production and need more staff;
4. In consumer sectors: as employment and incomes overall increase, consumption will increase.
To assess employment effects the ADAGIO model is used (see box for further details).
ADAGIO
ADAGIO (A DynAmic Global Input-Output model) is an input-output model developed by the Austrian company 
Wifo, partner of Ecorys in the study for the EU. This model is capable of estimating econometrically behavioural 
equations. To estimate these equations the model uses purchasing prices and then determines the share of 12 
consumption categories, distinguishing between durables and non-durables consumption goods. Input-Output 
information for 40 different countries is included (the EU-27 Member States and large countries like the US, India 
and Brazil). For this specific study the missing Danube countries (Ukraine, Moldova, Serbia and Croatia) were added 
to the model. The base year of the model is 2007 and the time horizon can be extended to 2030.
The model can calculate three different employment effects:
* Direct effects: effects on the providers of transport services;
* Indirect effects: effects on providers of intermediate inputs for the transport sector (e.g. fuel providers, maintenance 
and investors);
* Induced effects: all other employment effects that are not direct or indirect effects (WIFO, Ecorys, Planco 2015).
Box 2. Model description of Adagio.
TransTools provides outputs in terms of volumes transported, measured in tons and in ton-kilometres. These results 
were converted into monetary values (transport price changes due to waterway system improvements) and aggregated 
to country level figures, which can be used in the ADAGIO model. The employment effects were calculated for the 
autonomous growth and the autonomous growth + project scenario.
The ADAGIO model delivers results in terms of employment effects for the Danube countries, but also for other 
countries that will see benefits of an improved Danube transport system. As the figure below shows also countries
located along the Rhine (e.g. Belgium, the Netherlands and France) will see an increase of employment, as will other 
EU28 countries. This is due to the fact that also freight flows to/from these countries with either its origin or its 
destination in the Danube region are benefiting, and because the added value of the transportation system that is passed 
on to other O/D pairs. As the figure also shows the employment impacts vary substantially between the countries.
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Fig. 4. Total employment impacts by country.
If all employment effects (direct, indirect and induced) are considered jointly, the largest impacts can be seen in 
Germany, Hungary and Romania. In the autonomous scenario for each of these three countries between 1,500 and 
2,000 additional jobs will be generated by 2020 compared to 2010. In the autonomous + project scenario an additional 
100 jobs (Germany and Hungary) to 300 jobs (Romania) are generated. For other countries the impacts are less.
Although overall there is a net increase of employment, the model results also show that in the transport sector 
itself the number of jobs will decrease. This is a result of modal shift: while jobs in IWT will grow, jobs will be lost 
in the road and rail sector. In terms of the types of employment resulting from the ADAGIO model, it can be concluded 
that the direct effects (in the transport sector) are negative, while the indirect and induced effects are positive. Sectors 
that benefit most are ‘Public services’, ‘Trade’ and ‘Agriculture, forestry and fishing’ (as presented by figure 5).
Fig. 5. Breakdown of employment impacts by sector (Danube region).
Using the ADAGIO model it is also possible to assess the skills composition of the additional employment 
generated. The model distinguishes between low, medium and high skilled work. As the figure below shows the 
balance of employment skills is similar in both scenarios.
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Fig. 6. Breakdown of employment by skills level
All in all the ADAGIO model results indicate around 6,500 additional jobs will be created as a result of growing 
IW transportation, rising to about, 200 extra jobs if the IWT system is further improved. Countries that benefit the 
most in terms of new jobs will be Germany, Hungary and Romania. For these countries jobs will be created in different 
economic sectors. If only the jobs created in the water sector (i.e. direct employment) are considered countries 
benefiting most are Romania (30% increase), Hungary (20%) and Serbia (15%). This direct increase can be explained 
by the fact in these countries the transported volumes will also increase the strongest.
4. Conclusions
The analysis shows that inland waterway transport on the Danube has the potential to develop further and that 
a 20% increase of the volume by 2020, compared to 2010, is achievable under expected economic growth forecasts. 
It should however also be noted that he short term trends for 2011 and 2012 have indicated a decline compared to 
2010, posing challenges for the years to come. Effective measures improving the competitive position of IWT as 
proposed in the EUSDR action plan and by experts interviewed in the context of this analysis would therefore raise 
the likelihood of achieving this aim. To this end, three scenarios were assessed i.e. autonomous GDP growth, 
a package combining growth with already planned measures, and a package also adding effective additional measures.
If the growth in the freight sector is achieved, employment will be generated, not only in the IWT sector itself but 
in particular in sectors supporting transport (indirect employment) and, notably, in industries making use of IWT as a 
transport mode (induced employment). Overall levels amount to about 6,500 additional jobs in 2020 in the Danube 
countries along with about 2,500 additional jobs in other parts of Europe. This is composed of about 7,000 additional 
jobs in user sectors (induced employment), some 600 additional jobs in the water transport sector (direct + indirect) 
and about 1,000 direct + indirect jobs lost in land transport and other sectors.
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